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Abstract
Understanding of the substantial disparity in health between low and high
socioeconomic status (SES) groups is hampered by the lack of a sufficiently
comprehensive theoretical framework to interpret empirical facts and to predict
yet untested relations. We present a life-cycle model that incorporates multiple
mechanisms explaining (jointly) a large part of the observed disparities in health by
SES. In our model, lifestyle factors, working conditions, retirement, living conditions
and curative care are mechanisms through which SES, health and mortality are
related. Our model predicts a widening and possibly a subsequent narrowing with
age of the gradient in health by SES.
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1 Introduction
Disparities in health across socioeconomic status (SES) groups – often called the SES health
gradient – are substantial. For example, Case and Deaton (2005) show how in the United States,
a 20 year old low-income (bottom quartile of family income) male, on average, reports to be in
similar health as a 60 year old high-income (top quartile) male. In Glasgow, U.K., life expectancy
of men in the most deprived areas is 54 years, compared with 82 years in the most affluent (Hanlon
et al. 2006). In cross sectional data the disparity in health between low and high SES groups
appears to increase over the life cycle until ages 50-60, after which it narrows. Similar patterns
hold for other measures of SES, such as education and wealth and other indicators of health, such
as onset of chronic diseases, disability and mortality (e.g., Adler et al. 1994; Marmot, 1999;
Smith, 1999). This pattern is remarkably similar between countries with relatively low levels of
protection from loss of work and health risks, such as the U.S., and those with stronger welfare
systems, such as the Netherlands (House et al. 1994; Kunst and Mackenbach, 1994; Preston and
Elo, 1995; Smith 1999; 2004; 2007; Case and Deaton, 2005; van Kippersluis et al. 2010).
Recent significant contributions to the understanding of socioeconomic disparities in health
have concentrated on the identification of causal effects, but have stopped short of uncovering the
underlying mechanisms that produce the causal relationships. For example, education is found to
have a causal protective effect on health (Lleras-Muney, 2005; Oreopoulos, 2006; Silles, 2009)
but it is not known exactly how the more educated achieve their health advantage.
Understanding of the relative importance of underlying mechanisms responsible for the
observed relationships is hampered by the lack of a sufficiently comprehensive theory. Case and
Deaton (2005) argue that it is extremely difficult to understand the relationships between health,
education, income, wealth and labor-force status without some guiding theoretical framework.
Integrating the roles of proposed mechanisms and their long-term effect into a theoretical
framework allows researchers to disentangle the differential patterns of causality and assess the
interaction between mechanisms. Such understanding is essential in designing effective policies
to reduce disparities (Deaton, 2002). It is no surprise then that several authors (e.g., Case and
Deaton, 2005; Cutler et al. 2010) have pointed to the absence of a theory of SES and health over
the life cycle and have emphasized the importance of developing one.
A suitable framework in which multiple mechanisms and their cumulative long-term effects
can be studied is a structural model of SES and health over the life cycle. Case and Deaton (2005)
have attempted to develop a model for the role of work and consumption behavior in explaining
the SES-health gradient. Their starting point is the canonical life cycle model of the demand for
health and medical care, due to Grossman (1972a; 1972b). Case and Deaton (2005) present a
simplified Grossman model and extend the model to include the detrimental effect of hard/risky
labor and of unhealthy consumption behavior on health. However, the authors conclude that the
model is not able to explain a number of the most salient features of the SES health gradient. For
example, Case and Deaton (2005) argue that while the model can explain differences in the level
of health between low and high SES groups, it cannot explain differences in the rate of health
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decline. In other words, it cannot account for the widening of the SES health gradient with age
through late middle age or early late life, as is observed in empirical studies. Other problems with
some of the predictions and properties of health production models have been pointed out in the
literature (see Grossman, 2000, for a review and rebuttal of these).
The aim of this paper is to develop a conceptual framework for health and socioeconomic
status over the life cycle. The framework includes simplified representations of major
mechanisms, which allows us to improve our understanding of their operational roles in explaining
the SES health gradient and make predictions. Our starting point is the health production
literature spawned by Grossman (Grossman, 1972a; 1972b) and the extensions presented by
Ehrlich and Chuma (1990) and Case and Deaton (2005). Our contribution is as follows. First,
we address a number of issues identified with this strand of the literature by noting that what is
generally interpreted as the equilibrium condition for health can alternatively be interpreted as the
first-order condition for health investment (as in Galama, 2010). This interpretation necessitates
the assumption of decreasing-returns-to-scale (DRTS) in the health production function (as in
Ehrlich and Chuma, 1990), and addresses (i) the indeterminacy problem (“bang-bang” solution)
for investment in medical care (Ehrlich and Chuma, 1990), (ii) the inability to reproduce the
observed negative relation between health and the demand for medical care (e.g., Zweifel and
Breyer, 1997),1 (iii) the lack of history in the model solutions (e.g., Usher, 1975) and (iv) the lack
of capacity to explain differences in the rate of health decline between different socioeconomic
groups (Case and Deaton, 2005). With these essential issues addressed our formulation can
account for a greater number of observed empirical patterns and suggests that the Grossman
model provides a suitable foundation for the development of a life-cycle model of the SES-health
gradient.
Yet, utilization of medical services and access to care explain only part of the association
between SES and health (e.g., Adler et al. 1993). Our second contribution is therefore to
incorporate many potential mechanisms in the model that could explain disparities in health by
SES and to include a multitude of potential bi-directional pathways between health and dimensions
of SES. One important concept in our work is “job-related health stress”, which can be interpreted
broadly and can range from physical working conditions (e.g., hard labor) to the psychosocial
aspects of work (e.g., low status, limited control, repetitive work, etc). The notion here is that
job-related health stress can include any aspect of work that is detrimental to health and as such
is associated with a wage premium (a compensating wage differential). Other important features
of the model are lifestyle factors (preventive care, healthy and unhealthy consumption), curative
(medical) care, labor force withdrawal (retirement) and mortality. The model integrates a life
cycle approach, and the concepts of financial, education and health capital (Muurinen and Le
1It is not entirely correct to assert that health production models always produce the incorrect sign for the relationship
between health and investment in curative care. For the pure investment model and assuming that the biological aging
rate increases with age, investment in curative care increases with age while the health stock falls if the elasticity of
the marginal production benefit of health with respect to health is less than one (Grossman refers to this as the MEC
schedule; Grossman, 2000 [p. 369]). This produces a negative correlation between health and medical care.
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Grand, 1985). The focus is on understanding the SES-health gradient as the outcome of rational
(constrained) individual behavior, and the framework applies to individuals who have completed
their education and participate (or have participated) in the labor-force.
We explore the characteristics of the first-order conditions for a fixed retirement age and a fixed
age of death. We find that greater initial wealth, permanently higher earnings (over the life cycle)
and a higher level of education induce individuals to invest more in curative and in preventive
care, shift consumption toward healthy consumption, and enable individuals to afford healthier
working environments (associated with lower levels of physical and psychosocial health stresses)
and living environments. The mechanism through which initial wealth, permanent income and
education operates is by increasing the demand for curative care and raising the marginal cost of
curative care. A higher marginal cost of curative care, in turn, increases the health benefit of (and
hence demand for) preventive care and healthy consumption, and the health cost of (and hence
reduced demand for) unhealthy working and living environments, and unhealthy consumption.
Jointly these behavioral choices gradually lead to growing health advantage with age. Further,
the model predicts an initial widening and potentially a subsequent narrowing of the SES-health
gradient, as low SES individuals increase their health investment and improve their health-related
behavior faster as a result of their worse health. Results from earlier studies (Ehrlich and Chuma,
1990; Ehrlich, 2000; Galama et al. 2009) suggest that the more rapidly worsening health of low
SES individuals could lead to early withdrawal from the labor force, potentially widening the
gradient in early and mid age, and shorter life spans, potentially narrowing the gradient in late
age. Our model thus holds promise in explaining empirical health patterns. Such a model has not
been available before and economists have highlighted the significance of its development (e.g.,
Cutler et al. 2010; Case and Deaton, 2005).
The paper is organized as follows. Section 2 briefly reviews the literature on health disparities
by SES to determine the essential components required in a theoretical framework. The relation
between SES and health is complex and developing a theory requires simplification and a focus
on the essential mechanisms relating SES and health. We highlight potential explanations for the
SES health gradient that a) explain a large part of the gradient and b) are relatively straightforward
to include in our theoretical framework. Based on these findings we develop our theoretical
formulation. Section 3 presents and discusses first-order conditions and the characteristics of
the model solutions for a fixed age of retirement and a fixed age of death. The section also
highlights potential mechanisms through which SES and health influence each other. In section 4
we summarize and conclude.
2 Components of a model capturing the SES-health gradient
In this section we review the literature to determine the essential components of a theory of health
disparities by SES. Based on these findings we extend and refine prior work and present our
theoretical formulation.
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2.1 Background
A significant body of research across multiple disciplines (including epidemiology, sociology,
demography, psychology, evolutionary biology and economics) has been devoted to documenting
and explaining the substantial disparity in health between low and high socioeconomic status
(SES) groups. Progress has been made in recent years in characterizing the relationships between
the various dimensions of SES and health over the life cycle and in understanding the relative
importance and directions of causal pathways. Epidemiological research has used longitudinal
studies to examine the role of behavioral, material, psychosocial and healthcare related pathways
in explaining SES-health associations (House et al. 1990; 1994; Lynch et al. 1997; Marmot et
al. 1997a; Lantz et al. 1998; Yen and Kaplan, 1999; van Oort et al. 2005; Skalicka et al. 2009).
Economists have recently re-emphasized the importance of the reverse impact of health on SES
through ability to work (Smith, 1999; 2004; 2007; Case and Deaton, 2005).
These studies suggest that education is the key dimension of SES for which there appears to
be robust evidence of a substantial causal protective effect on health. Secondly, an important part
of the health differences by financial indicators of SES can be explained by the fact that bad health
impinges on the ability to work, thereby reducing income. Further, these studies highlight the
importance of health behaviors (such as smoking, drinking and exercise), curative and preventive
care, psychosocial and environmental risk factors, neighborhood social environment, acute and
chronic psychosocial stress, social relationships and supports, sense of control, fetal and early
childhood conditions, and physical, chemical, biological and psychosocial hazards and stressors
at work.
Below we provide more detail on the potential role of the working environment and lifestyle
factors and the role of various potential pathways between health and SES and vice versa.
Working environment and lifestyle factors: Low SES individuals more often perform risky,
manual labor than high SES individuals, and their health deteriorates faster as a consequence
(Marmot et al. 1997b; Schrijvers et al. 1998; Borg and Kristensen, 2000). Case and Deaton
(2005) find that those who are employed in manual occupations have worse health than those who
work in professional occupations and that the health effect of occupation operates at least in part
independently of the personal characteristics of the workers. Cutler et al. (2010) present similar
results using mortality as an indicator of health. Schrijvers et al. (1998) use Dutch cross-sectional
data to study the impact of working conditions on the association between occupational class
and self-reported health. Hazardous physical working conditions are more prevalent in lower
occupational classes, and this explains a substantial part (for males up to 83 percent) of the
association between health and occupational (social) class. Extensive research further suggests
an important role of lifestyle factors, particularly smoking, in explaining SES disparities in health
(Mackenbach et al. 2004; Khang et al. 2009). Fuchs (1986) even argues that in developed
countries, it is personal lifestyles that cause the greatest variation in health. Using three different
datasets from the U.K. and the U.S., Marmot et al. (1997a) find that features of the psycho-social
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working environment, social circumstances outside work, and health behavior jointly account for
much of the social gradient in health (see also House et al. 1994). Some epidemiological studies
estimate that around two thirds of the social gradient in health deterioration could be explained by
working environment and life style factors alone (Borg and Kristensen, 2000).
A multitude of potential pathways between health and SES and vice versa: As Cutler et al.
(2010) note, the mechanisms linking the various dimensions of SES to health are diverse. Some
cause health, some are caused by health and some are jointly determined with health.
• Education on health: Education is found to have a causal effect on health and mortality
(Lleras-Muney, 2005; Oreopoulos, 2006; Smith, 2007; Silles, 2009). However, Cutler et al.
(2010) note that the mechanisms by which education affects health are not well understood.
While consumption behavior and curative and preventive care can partly explain the effect
of education on health, it remains largely unclear why more educated individuals behave in
a healthier manner (Cutler et al. 2010). Education increases earnings (e.g., Mincer, 1974)
and thereby enables the purchase of health investments (though higher earnings may also
increase the opportunity cost of time). Education potentially increases the efficiency of
curative and preventive care usage and time inputs into the production of health investment
(Grossman, 1972a; 1972b). It appears that the higher educated are better able at managing
their diseases (Goldman and Smith, 2002), and high SES individuals appear to benefit more
from new knowledge and new technology (Lleras-Muney and Lichtenberg, 2005; Glied and
Lleras-Muney, 2008).
• Health on education: The existence of an effect of early childhood health on educational
attainment has been established in studies from developed as well as developing countries.
Studies from the U.S., U.K., and Norway show convincingly that low birth weight
individuals have worse schooling outcomes (Behrman and Rosenzweig, 2004; Case et al.
2005; Black et al. 2007; Royer, 2009). Another piece of evidence is derived from the
1918 influenza epidemic in the U.S., and the hookworm eradication from the American
South, where adverse conditions in childhood caused a lower educational attainment of
the affected cohorts (Almond, 2006; Bleakley, 2007). From developing countries similar
evidence is presented by, e.g., Miguel and Kremer (2004).
• Income or wealth on health: Income and wealth enable purchases of curative and preventive
care and thereby potentially allow for better health maintenance. The impact of financial
resources on health is likely to depend on the manner of health care provision in a country.
In the case of market provision, income, wealth and employment may determine access to
health care, whereas in the case of universal health care provision these factors may be less
important. On the other hand, higher wages are associated with greater opportunity costs,
which would reduce the amount of time devoted to health maintenance. Further, more
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affluent workers may choose safer working (associated with a lower level of job-related
health stress) and living environments since safety is a normal good (Viscusi, 1978; 1993).
Smith (2007) finds no effect of financial measures of SES (income, wealth and change in
wealth) on changes in health in the U.S. Financial indicators of SES do not seem to cause the
onset of health problems at any age (Smith, 2007). Cutler et al. (2010) provide an overview
of empirical findings and conclude that the evidence points to no or a very limited impact
of income or wealth on health (see also Michaud and van Soest, 2008). Yet, this view is not
unequivocally accepted. Replication is still needed and controversy remains on the extent to
which these findings apply uniformly to different population segments. For example, Lynch
et al. (1997) suggest that accumulated exposure to economic hardship causes bad health,
and Herd et al. (2008) argue that there might be causal effects of financial resources on
health at the bottom of the income or wealth distribution.
• Health on income and wealth: Healthy individuals are more productive, earn higher wages
and are able to accrue greater wealth (Currie and Madrian, 1999; Contoyannis and Rice,
2001). Studies have shown that perhaps the most dominant causal relation between health
and dimensions of SES is the causal impact that health has on one’s ability to work and
hence produce income and wealth (e.g., Smith, 2004; 2007; Case and Deaton, 2005).
• Joint determination: Fuchs (1982; 1986) (see also Barsky et al. 1997) has argued that
the strong correlation between education and health may be due to differences in the time
preferences of individuals, which affects investments in both education and health and
helps to explain variations in cigarette smoking, diet, and exercise. Other third factors of
interest that may produce a spurious correlation between SES and health are intelligence,
cognitive ability, and non-cognitive skills (Auld and Sidhu, 2005; Deary, 2008; Chiteji,
2010). In a review of the literature on the relationship between education and health, Cutler
and Lleras-Muney (2008) argue that differences in individual preferences (risk aversion
and discount rates) appear to explain only a small portion of the SES health gradient (see
also Elo and Preston, 1996). But the authors also note that few studies have attempted to
investigate the role of individual preferences, that preferences are difficult to measure, and
that preferences with respect to health may differ from preferences with respect to finance,
measures of which are usually employed in such studies.
2.2 Theoretical formulation
In this section we formalize the above discussion on the features of a theoretical framework for
the SES health gradient over the life cycle. The aim is to understand the SES-health gradient as
the outcome of rational constrained individual behavior.
A natural starting point for a theory of the relation between health and SES is a model of
life cycle utility maximization. The model is based on the Grossman model of the demand for
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health (Grossman, 1972a; 1972b; 2000) in continuous time (see also Wolfe, 1985; Wagstaff, 1986;
Ehrlich and Chuma, 1990; Zweifel and Breyer, 1997) with seven essential additional features.
First, we assume decreasing-returns-to-scale (DRTS) in the health production function (as in
Ehrlich and Chuma, 1990).
Second, individuals choose their level of undesirable job characteristics which potentially have
health consequences, denoted as “job-related health stress”. The concept of job-related health
stress can be interpreted broadly and can range from physical working conditions (e.g., hard or
risky labor) to psychosocial aspects of work (e.g., low social status, lack of control, repetitive
work, etc). The decision to engage in unhealthy labor is governed by the relative benefit of a
possible wage premium – a compensating wage differential (Smith, 1776; Viscusi, 1978; 1979)
– versus the cost in terms of a higher health deterioration rate. Evidence is strong that there
is a wage premium for jobs with higher mortality risk (Smith, 1978), and also for less serious,
non-fatal, health risks (e.g. Viscusi, 1978; Olson, 1981; Duncan and Holmlund, 1983). Thus
we introduce the notion that individuals may accept risky and/or unhealthy work environments,
in exchange for higher pay (Muurinen, 1982; Case and Deaton, 2005), and explore solutions in
which the decision to rapidly “wear one’s body down” (i.e., to perform “hard” labor or engage in
work with psychosocial health risks) is endogenous.
Third, individuals engage in preventive care (such as check up doctor visits) to slow the
biological aging rate. Hence, we explicitly model health investment as consisting of two
components: (i) curative care (as in Grossman, 1972a; 1972b), and (ii) a new concept of preventive
care. Fourth, consumption may affect the biological aging rate (Case and Deaton, 2005; see
also Forster, 2001). We distinguish healthy consumption (such as the consumption of healthy
foods, sports and exercise) from unhealthy consumption (such as smoking, excessive alcohol
consumption).2 Preventive care and healthy consumption are associated with health benefits
in that they lower the biological aging rate. Healthy consumption also provides direct utility
whereas preventive care is assumed to solely provide health benefits (similar to curative care,
individuals demand preventive care solely for the health benefits it provides).3 We interpret healthy
consumption broadly to include decisions regarding housing and neighborhood.4 Unhealthy
consumption provides consumption benefits (utility) but increases the biological rate of aging.
Fifth, we include the decision to withdraw from the labor force (Galama et al. 2009).
Sixth, an essential component of the disparity in health by SES is the observed difference in
mortality between SES groups. Further, length of life might be an important determinant of the age
of retirement and the level of consumption and health investment over the life-course. Individuals
2It is useful to interpret the endogenous functions as bundles of goods and services (e.g., various consumption
goods/services) or composite environmental factors (e.g., various physical and psychosocial health stresses).
3The distinction between healthy consumption and preventive care could in practice be difficult for some activities
and could differ across individuals (e.g., some individuals exercise because they derive utility from it, whereas others
solely exercise because it is healthy).
4Living in an affluent neighborhood is an expensive, yet health-promoting and utility-generating choice of
individuals. However, the choice of neighborhood (housing) is a constrained choice: low SES individuals cannot
afford to live in more affluent areas.
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optimize length of life as in Ehrlich and Chuma (1990).5
Last, the causal effect of education on income is included in a straightforward manner by
assuming a Mincer-type wage relation, in which earnings are increasing in the level of education
and the level of experience of workers (e.g., Mincer, 1974).
With the exception of the above seven additional features, the discussion below follows the
usual formulation (e.g., Grossman, 1972a; 1972b; 2000; Wagstaff, 1986; Zweifel and Breyer,
1997). Health is treated as a form of human capital (health capital) and individuals derive both
consumption (health provides utility) and production benefits (health increases earnings) from
it. Health is modeled as a stock that deteriorates over the life cycle and its deterioration can
be counteracted by health investment. The demand for health investment (broadly interpreted as
curative and/or preventive care) is a derived demand: individuals demand “good health”, not the
consumption of curative or preventive care.
Individuals maximize the life-time utility function∫ T
0
U(t)e−βtdt, (1)
where T denotes the life span, β is a subjective discount factor and individuals derive utility
U(t) ≡ U[Ch(t),Cu(t),H(t)] from healthy consumption Ch(t), unhealthy consumption Cu(t) and
from health H(t). Time t is measured from the time an individual has completed her education
and joined the labor force (e.g., around age 25 or so). Utility increases with healthy consumption
∂U(t)/∂Ch(t) ≥ 0, unhealthy consumption ∂U(t)/∂Cu(t) ≥ 0 and with health ∂U(t)/∂H(t) ≥ 0.
The objective function (1) is maximized subject to the following dynamic equations,
H˙(t) = Im(t)
α − d(t)H(t), (2)
A˙(t) = δA(t) + Y(t) − pXh(t)Xh(t) − pXu(t)Xu(t) − pm(t)mm(t) − pp(t)mp(t), (3)
the total time budget Ω,
Ω = τw(t) + τIm(t) + τIp(t) + τCh(t) + τCu(t) + s[H(t)], (4)
and we have initial and end conditions: H(0), H(T ), A(0) and A(T ) are given.6
H˙(t) and A˙(t) in equations (2) and (3) denote time derivatives of health H(t) and assets
A(t). Health (equation 2) can be improved through investment in curative (medical) care Im(t)
and deteriorates at the biological aging rate d(t) ≡ d[t,Ch(t),Cu(t), z(t), Ip(t); ξ(t)]. The health
5However, to allow qualitative exploration of the characteristics of the solutions we treat mortality and retirement
as exogenous (fixed) in this work.
6In Grossman’s original formulation (Grossman, 1972a; 1972b) length of life T is determined by a minimum health
level Hmin. If health falls below this level H(t) ≤ Hmin an individual dies, hence H(T ) ≡ Hmin.
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production function Im(t)
α is assumed to exhibit DRTS (0 < α < 1).7 The biological aging rate
depends endogenously on healthy consumption Ch(t), unhealthy consumption Cu(t), job-related
health stress z(t), and investment in preventive care Ip(t) and on a vector of exogenous functions
ξ(t). Consumption can be healthy (∂d(t)/∂Ch(t) ≤ 0; e.g., healthy foods, healthy neighborhood) or
unhealthy (∂d(t)/∂Cu(t) > 0; e.g., smoking). Preventive care is modeled analogous to curative
care as an activity that provides no utility (∂U(t)/∂Ip(t) = 0) but is demanded for its health
benefits (∂d(t)/∂Ip(t) < 0). Greater job-related health stress z(t) accelerates the “aging” process
(∂d(t)/∂z(t) > 0).
Assets A(t) (equation 3) provide a return δ (the interest rate), increase with income Y(t) and
decrease with purchases in the market of healthy consumption goods Xh(t), unhealthy consumption
goods Xu(t), curative care mm(t) and preventive care mp(t) at prices pXh(t), pXu(t), pm(t) and pp(t),
respectively. Income Y(t) ≡ Y[H(t), z(t); E, x(t)] is assumed to be an increasing function of health
H(t) (∂Y(t)/∂H(t) > 0) and an increasing function of job-related health stress z(t) (∂Y(t)/∂z(t) > 0;
Case and Deaton, 2005). Further, income depends exogenously on the consumer’s stock of
knowledge (an individual’s human capital exclusive of health capital), usually assumed to be a
function of years of schooling E and years of working experience x(t) (e.g., Mincer, 1974). Last,
we assume that individuals face no borrowing constraints.8
Goods and services mm(t) and mp(t) as well as own time inputs τIm(t) and τIp(t) are used in the
production of curative care Im(t) and preventive care Ip(t), respectively. Similarly, goods Xh(t) and
Xu(t) purchased in the market and own time inputs τCh(t) and τCu(t) are used in the production of
healthy and unhealthy consumption, Ch(t) and Cu(t), respectively.
9 The efficiencies of production
µIm
(t; E), µIp(t; E), µCh(t; E) and µCu(t; E) are assumed to be a function of the consumer’s stock of
knowledge E as the more educated are assumed to be more efficient consumers and producers of
curative (medical) and preventive care (based on the interpretation of education as a productivity
factor in own time inputs and in identifying and seeking effective care; Grossman, 1972a; 1972b),
Im(t) ≡ Im[mm(t), τIm(t), µIm(t; E)], (5)
Ip(t) ≡ Ip[mp(t), τIp(t), µIp(t; E)], (6)
Ch(t) ≡ Ch[Xh(t), τCh(t), µCh(t; E)], (7)
Cu(t) ≡ Cu[Xu(t), τCu(t), µCu(t; E)]. (8)
7Mathematically, this assumption is equivalent to assuming a linear process (α = 1) and DRTS in the relation
between the inputs of health investment goods / services mm(t) and own time τIm (t) (as in Ehrlich and Chuma,
1990). Conceptually, however, there is an important distinction. In principle, one could imagine a scenario where
the investment function Im(t) has constant or even increasing returns to scale in its inputs of health investment goods /
services mm(t) and own time τIm (t), but where the resulting health improvement (through the health production process)
exhibits diminishing returns to scale in its inputs.
8Imperfect capital markets itself could be a cause of socioeconomic disparities in health if low income individuals
face more borrowing constraints than higher income peers, and as such cannot optimally invest in their health.
9Because consumption consists of time inputs and purchases of goods/services in the market one can conceive
leisure as a form of consumption consisting entirely or mostly of time inputs. Leisure, similar to consumption, provides
utility and its cost consists of the price of goods/services utilized and the opportunity cost of time.
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Further, we implicitly assume that curative care Im(t), preventive care Ip(t) and job-related
health stress z(t) are non negative. We do so by assuming DRTS of the health production function
in investment in curative care (see equation 2) and diminishing marginal benefits for job-related
health stress and for investment in preventive care. The notion here is that one cannot “sell” ones
health through negative curative care (see Galama and Kapteyn, 2009) or negative preventive care
nor can one “buy” health through negative job-related health stress.
The total time available in any period Ω is the sum of all possible uses τw(t) (work),
τIm
(t) (curative care), τIp(t) (preventive care), τCh(t) (healthy consumption), τCu(t) (unhealthy
consumption) and s[H(t)] (sick time). The resulting time budget constraint is shown in equation
(4).
We follow Grossman (1972a; 1972b; 2000) and assume that income Y(t) is equal to the wage
rate w(t) times the amount of time spent working τw(t),
Y(t) = w(t)
{
Ω − τIm(t) − τIp(t) − τCh(t) − τCu(t) − s[H(t)]
}
. (9)
After the age of retirement R we have τw(t) = 0 and Y(t) = b(t), where b(t) is a pension benefit
function (potentially accrued over time as in Galama et al. 2009).
The wage rate w(t) ≡ w[t, z(t); E, x(t)] is a function of job-related health stress z(t)
w(t) = w∗(t)[1 + z(t)]
γw , (10)
where γw ≥ 0 and w∗(t) ≡ w∗[E, x(t)] represents the “stressless” wage rate, i.e., the wage rate
associated with the least job-related health stress z(t) = 0.10 The stressless wage rate w∗(t) is a
function of the consumer’s education E and experience x(t) (e.g., Mincer, 1974),
w∗(t) = wEe
ρE E+βx x(t)−βx2 x(t)2 , (11)
where education E is expressed in years of schooling, x(t) is years of working experience, and ρE ,
βx and βx2 are constants, assumed to be positive.
Thus, we have the following optimal control problem: the objective function (1) is maximized
with respect to the control functions Xh(t), τCh(t), Xu(t), τCu(t), mm(t), τIm(t), mp(t), τIp(t) and z(t)
and subject to the constraints (2, 3 and 4). The Hamiltonian (see, e.g., Seierstad and Sydsaeter,
1977; 1987) of this problem is:
= = U(t)e−βt + qH(t)H˙(t) + qA(t)A˙(t), (12)
where qH(t) is the adjoint variable associated with the differential equation (2) for health H(t) and
qA(t) is the adjoint variable associated with the differential equation (3) for assets A(t).
10Our model concerns individuals who participate in the labor force. Given that our frame of reference is the labor
force we associate z(t) = 0 with the least amount of job-related health stress possible in employment, and since there is
no obvious scale to job-related health stress we employ the simple relationship shown in equation (10).
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The conditions for the optimal retirement age R and the optimal length of life T are for the
Hamiltonian = to equal zero at these ages
=(R) = 0, (13)
=(T ) = 0. (14)
3 Solutions
In this section we discuss the first-order conditions for optimization (section 3.1), the
characteristics of the solutions (section 3.2), the effect of SES on behavior (section 3.3), and the
effect of health on behavior (section 3.4). Throughout the discussion we assume that an interior
solution to the optimization problem exists.
3.1 First-order conditions
The first-order condition for maximization of (12) with respect to the control function health
investment is
∂U(t)
∂H(t)
= qA(0)
[
σH(t) − ϕH(t)
]
e(β−δ)t, (15)
where the Lagrange multiplier qA(0) is the shadow price of life-time wealth (see, e.g, Case and
Deaton, 2005), σH(t) ≡ σH[t, Im(t),Ch(t),Cu(t), z(t), Ip(t); E, x(t), ξ(t)] is the user cost of health
capital at the margin
σH(t) ≡ piIm(t)
[
d(t) + δ − piIm(t)
]
, (16)
piIm
(t) ≡ piIm[t, Im(t), z(t); E, x(t)] is the marginal monetary cost of curative care Im(t)
piIm
(t) ≡ pm(t)Im(t)
1−α
α[∂Im(t)/∂mm(t)]
=
w(t)Im(t)
1−α
α[∂Im(t)/∂τIm(t)]
, (17)
and piIm(t) = piIm(t)
−1 (∂piIm(t)/∂t).
11 The marginal monetary cost of curative care (equation 17)
is a function of the price of medical goods and services purchased in the market pm(t) and
the opportunity cost of time w(t) (hence monetary). Note that the marginal monetary cost of
investment in curative care piIm(t) increases with the level of investment in curative care Im(t) due
to decreasing-returns-to-scale of the health production function Im(t)
α (0 < α < 1; see equation
2). Further, ϕH(t) ≡ ϕH[t,H(t), z(t); E, x(t)] is the marginal production benefit of health
ϕH(t) ≡
∂Y(t)
∂H(t)
, (18)
11In the remainder of this paper the symbol ∼ is used to denote the relative time derivative of a function:
f˜ (t) ≡ ∂ f (t)
∂t f (t)
−1.
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reflecting the notion that health increases earnings Y(t).
The first-order condition for maximization of (12) with respect to the control function healthy
consumption is
∂U(t)
∂Ch(t)
= qA(0)
[
piCh
(t) − ϕdCh(t)
]
e(β−δ)t, (19)
where piCh(t) ≡ piCh[t,Ch(t), z(t); E, x(t)] is the marginal monetary cost of healthy consumption
Ch(t)
piCh
(t) ≡
pXh(t)
∂Ch(t)/∂Xh(t)
=
w(t)
∂Ch(t)/∂τCh(t)
, (20)
and ϕdCh(t) ≡ ϕdCh[t,H(t), Im(t),Ch(t),Cu(t), z(t), Ip(t); E, x(t), ξ(t)] is the marginal health benefit
of healthy consumption
ϕdCh
(t) ≡ −piIm(t)
∂d(t)
∂Ch(t)
H(t). (21)
The marginal monetary cost of healthy consumption piCh(t) (equation 20) is a function of the
price of healthy consumption goods and services pXh(t) and the opportunity cost of time w(t),
and represents the direct monetary cost of consumption. The marginal health benefit of healthy
consumption ϕdCh(t) (equation 21), is equal to the product of the marginal monetary cost of
investment in curative care piIm(t) and the “amount” of health saved [∂d(t)/∂Ch(t)]H(t), and
represents the marginal monetary value of health saved.12 Similarly, the first-order condition for
maximization of (12) with respect to the control function unhealthy consumption is
∂U(t)
∂Cu(t)
= qA(0)
[
piCu
(t) + pidCu(t)
]
e(β−δ)t, (22)
where piCu(t) ≡ piCu[t,Cu(t), z(t); E, x(t)] is the marginal monetary cost of unhealthy consumption
Cu(t) (direct monetary cost)
piCu
(t) ≡
pXu(t)
∂Cu(t)/∂Xu(t)
=
w(t)
∂Cu(t)/∂τCu(t)
, (23)
and pidCu(t) ≡ pidCu[t,H(t), Im(t),Ch(t),Cu(t), z(t), Ip(t); E, x(t), ξ(t)] is the marginal health cost of
unhealthy consumption (marginal monetary value of health lost)
pidCu
(t) ≡ piIm(t)
∂d(t)
∂Cu(t)
H(t). (24)
12The marginal health benefit can be understood intuitively as the reduced need for health investment because of a
lower health deterioration rate. While the health benefit is expressed in terms of the marginal cost of curative care, this
is essentially arbitrary, as the monetary value of health saved could also be expressed in terms of the reduced need for
other types of health investments such as preventive care or healthy consumption.
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The first-order condition for maximization of (12) with respect to the control function
job-related health stress is
pidz(t) = ϕz(t), (25)
where pidz(t) ≡ pidz[t,H(t), Im(t),Ch(t),Cu(t), z(t), Ip(t); E, x(t), ξ(t)] is the marginal health cost of
job-related health stress (marginal monetary value of health lost)
pidz(t) ≡ piIm(t)
∂d(t)
∂z(t)
H(t), (26)
and ϕz(t) ≡ ϕz[t,H(t), z(t); E, x(t)] is the marginal production benefit of job-related health stress
ϕz(t) ≡
∂Y(t)
∂z(t)
, (27)
reflecting the notion that job-related health stress is associated with a compensating wage
differential (greater earnings).
Lastly, the first-order condition for maximization of (12) with respect to the control function
preventive care is
piIp
(t) = ϕdIp(t), (28)
where piIp(t) ≡ piIp[t, z(t), Ip(t); E, x(t)] is the marginal monetary cost of preventive care Ip(t)
piIp
(t) ≡
pp(t)
∂Ip(t)/∂mp(t)
=
w(t)
∂Ip(t)/∂τIp(t)
, (29)
and ϕdIp(t) ≡ ϕdIp[t,H(t), Im(t),Ch(t),Cu(t), z(t), Ip(t); E, x(t), ξ(t)] is the marginal health benefit
of preventive care (marginal monetary value of health saved)
ϕdIp
(t) ≡ −piIm(t)
∂d(t)
∂Ip(t)
H(t). (30)
The five first-order equations (15, 19, 22, 25 and 28) and the transversality conditions (13) and
(14) define the dynamics of the problem we are interested in. Solving the first-order equations
provides solutions for the time paths of the control functions Im(t), Ch(t), Cu(t), z(t) and Ip(t).
The state functions health H(t) and assets A(t) can subsequently be obtained through the dynamic
equations (2) and (3). Lastly, the optimal retirement age R and the optimal length of life T follow
from the transversality conditions (13) and (14).
We have thus arrived at a life cycle model that incorporates labor force participation,
healthy and unhealthy consumption (including housing, neighborhood social environment), health,
curative (medical) and preventive care, job-related physical and psychosocial health stresses,
wealth and mortality.
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The Grossman model (Grossman, 1972a; 1972b) is a special case of our model and is defined
by the first-order equations (15) and (19) for an exogenous biological aging rate d(t). The
first-order conditions (19), (22) and (25) are similar (but not identical) to those presented by Case
and Deaton (2005). Ehrlich and Chuma (1990) have extended the Grossman model with the
transversality condition (14) for optimal length of life T . The inclusion of endogenous retirement
follows Galama et al. (2009).
3.2 Characteristics of the solutions
In the remainder of this paper we qualitatively explore the properties of the solutions for health
H(t), investment in curative care Im(t), investment in preventive care Ip(t), healthy consumption
Ch(t) and unhealthy consumption Cu(t) and job-related health stress z(t). We do so by assessing
the effects of parameter changes on the endogenous functions of interest, utilizing stylized
representations (graphs) of the first-order conditions. However, stylized representations are less
useful in assessing the nature of the transversality conditions for retirement R (13) and length of
life T (14); this requires numerical approaches to solving the model. Thus, in practice, we explore
the characteristics of the model conditional on retirement age R and length of life T (i.e., for fixed
R and T ).13
3.2.1 Assumptions
In the remainder, we assume:
1. Diminishing returns to scale (DRTS) in the health production function Im(t)
α (0 < α < 1),
2. Diminishing marginal utilities of healthy Ch(t) and unhealthy consumption Cu(t) and of
health H(t),
∂2U(t)
∂Ch(t)
2 < 0,
∂2U(t)
∂Cu(t)
2 < 0,
∂2U(t)
∂H(t)2
< 0;
3. Diminishing marginal production benefit of health ϕH(t), diminishing marginal production
benefit of job-related health stress ϕz(t), diminishing marginal health benefit of healthy
consumption ϕdCh(t), and diminishing marginal health benefit of investment in preventive
13Treating retirement R and length of life T as exogenous (fixed) does not significantly affect our qualitative results
regarding the formation of the SES health gradient (discussed in this work). Optimizing the age of retirement R and
length of life T affects the overall level of health investment and consumption over the life cycle, as the transversality
conditions (13) and (14) in combination with the initial and end conditions (A(0), A(T ), H(0) and H(T )), determine the
parameters qA(0) and qH(0) in equations (31) and (32), but have limited effect on the direction of changes in the level
of health investment and consumption.
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care ϕdIp(t)
∂ϕH(t)
∂H(t)
=
∂2Y(t)
∂H(t)2
< 0,
∂ϕz(t)
∂z(t)
=
∂2Y(t)
∂z(t)2
< 0,
∂ϕdCh
(t)
∂Ch(t)
= −piIm(t)
∂2d(t)
∂Ch(t)
2 H(t) < 0,
∂ϕdIp
(t)
∂Ip(t)
= −piIm(t)
∂2d(t)
∂Ip(t)
2 H(t) < 0;
4. Constant returns to scale (CRTS) in the marginal health cost of unhealthy consumption
pidCu
(t) and in the marginal health cost of job-related health stress pidz(t)
14
∂pidCu
(t)
∂Cu(t)
= piIm
(t)
∂2d(t)
∂Cu(t)
2 H(t) = 0,
∂pidz(t)
∂z(t)
=
∂
∂z(t)
[
piIm
(t)
∂d(t)
∂z(t)
]
H(t) = 0;
5. CRTS in the inputs (goods/services purchased in the market and own-time) for investment in
curative care Im(t), healthy consumption Ch(t), unhealthy consumption Cu(t) and preventive
care Ip(t).
15 As a result we have (see equations 17, 20, 23 and 29):
piIm
(t) ∝ Im(t)1−α,
∂piCh
(t)
∂Ch(t)
= 0,
∂piCu
(t)
∂Cu(t)
= 0,
∂piIp
(t)
∂Ip(t)
= 0;
14While it seems plausible that the health benefits of investment in curative care, healthy consumption and investment
in preventive care exhibit diminishing returns to scale, it is unclear whether the health costs of unhealthy consumption
and job-related health stress exhibit decreasing or increasing returns to scale. For example, Forster (2001) assumes
decreasing returns to scale for healthy consumption and increasing returns to scale for unhealthy consumption. In
simple terms: escalating risky behavior (e.g., illicit drug use) or more hours of dangerous work can lead to rapid
health deterioration, whereas after a certain point more investment in curative or preventive care, more exercise or
more consumption of healthy foods does not prevent eventual aging. Since it is unclear a priori whether the effect
of unhealthy consumption and the effect of job-related health stress on the biological aging rate d(t) exhibits in- or
decreasing returns to scale, we assume CRTS for simplicity.
15A priori it is not clear whether the relationships between the inputs (good/services and own time) and investment
exhibit decreasing- or increasing-returns-to-scale. Hence we assume CRTS in these relations for simplicity.
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6. Complementarity in utility of consumption Ch(t), Cu(t) and health H(t)
16
∂2U(t)
∂Ch(t)∂H(t)
> 0,
∂2U(t)
∂Cu(t)∂H(t)
> 0;
7. Substitutability in utility of healthy Ch(t) and unhealthy Cu(t) consumption
17
∂2U(t)
∂Ch(t)∂Cu(t)
< 0;
Assumptions 1 through 5 ensure that solutions to the optimal control problem exist.18 The
remaining assumptions are made to illustrate the potential of the model to describe a wide range
of behaviors.
3.2.2 Stylized representations
Figures 1 and 2 provide stylized representations of the first-order conditions for health investment
Im(t) (equation 15), healthy consumption Ch(t) (equation 19), unhealthy consumption Cu(t)
(equation 22), job-related health stress z(t) (equation 25) and investment in preventive care Ip(t)
(equation 28). In Section 3.3 we consider individuals a and b who differ in one particular SES
indicator, but are otherwise identical, and in Section 3.4 we consider individuals a and c who
differ in their health, but are otherwise identical. Figures 1 and 2 therefore show each of the five
first-order conditions for individuals a and b or c. In this section we do not yet vary SES or health
indicators and focus on the curves labeled with a.
Investment in curative care: The solution for investment in curative care Im(t) is determined
by the first-order condition for health investment (15), conditional on the level of the health stock
H(t).19 The evolution of the health stock H(t) then follows from the initial condition H(0) and the
health investment Im(s) and biological aging d(s) histories (s < t) through the dynamic equation
(2).
16Indeed, Finkelstein et al. (2008) find evidence that the marginal utility of consumption declines as health
deteriorates. This would rule out strongly separable functional forms for the utility function where the marginal utility
of consumption is independent of health and forms where the marginal utility of consumption would decrease in health.
17The substitutability in utility of healthy Ch(t) and unhealthy Cu(t) consumption allows us to model substitution
from unhealthy to healthy consumption (or vice versa).
18Optimal solutions for the state functions A(t), H(t) and the control functions Xh(t), τCh (t), Xu(t), τCu (t), mm(t), τIm (t),
mp(t), τIp (t) and z(t) exist if the Hamiltonian = (see equations 2, 3 and 12) is concave in each of the state and control
functions and differentiable w.r.t. the state and control functions (see, e.g., Seierstad and Sydsaeter, 1977; 1987).
19Note that the first-order condition (15) is interpreted in the health production literature spawned by Grossman
(1972a; 1972b) as the condition for optimal health, and not as the condition for optimal health investment. However,
this condition was derived by optimizing the optimal control problem with respect to health investment (it follows
directly from relations 32, 37 and 38) and hence an alternative interpretation is that it determines the optimal level of
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Figure 1: Differences in SES: Marginal consumption ∂U/∂H and marginal production benefit ϕH
of health versus the user cost of health capital at the margin σH as a function of health (top left)
and as a function of health investment (top right). Marginal utility of healthy consumption ∂U/∂Ch
versus the marginal monetary cost piCh and the health benefit ϕdCh of healthy consumption Ch(t)
(center left); Marginal utility of unhealthy consumption ∂U/∂Cu versus the marginal monetary
cost piCu and the marginal health cost ϕdCu of unhealthy consumption Cu(t) (center right);
Marginal health cost pidz versus the marginal production benefit ϕz of job-related health stress z(t)
(bottom-left); Marginal monetary cost piIp versus the marginal health benefit ϕdIp of investment in
preventive care Ip(t) (bottom-right). In labeling the curves we have omitted the time varying term
with exponent (β − δ)t.
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The first-order condition for health investment (15) equates the consumption benefit of health
∂U(t)/∂H(t) with the cost of maintaining the health stock qA(0)[σH(t) − ϕH(t)]e(β−δ)t. Figure 2
shows a simple stylized representation of this relation as a function of health H(t) (top left-hand
panel) and as a function of investment in curative care Im(t) (top right-hand panel).
Consider the top left-hand panel and individual a first. The marginal utility of health
(labeled ∂Ua/∂H) is diminishing in health (assumption 2). The user cost of health capital
σH(t) = piIm(t)[d(t) + δ − piIm(t)] is independent of health and the marginal production benefit
of health ϕH(t) = ∂Y(t)/∂H(t) (increased earnings) exhibits DRTS in health (assumption 3). The
resulting curve (labeled qA(0)(σ
a
H − ϕaH)) is upward sloping in health. Since health is a state
function its level is given and provides a constraint: the two curves have to intersect at Ha.
Now consider the top right-hand panel of Figure 2. The marginal monetary cost of curative
care piIm(t) and hence the user cost of health capital σH(t) is increasing in the level of curative care
Im(t) (piIm(t) ∝ Im(t)
1−α; see equations 16 and 17; assumptions 1 and 5). The marginal production
benefit of health ϕH(t) (see equations 9 and 18) is independent of the level of investment in
curative care Im(t). The resulting curve is upward sloping (labeled qA(0)(σ
a
H − ϕaH)). Further,
the marginal utility of health ∂U(t)/∂H(t) is independent of the level of investment in curative
care Im(t) (horizontal line labeled ∂U
a/∂H). Its level is determined by the level of the health stock
Ha (draw a horizontal line from the top left-hand to the top right-hand panel of Figure 2). The
intersection of the two curves determines the optimal level of investment in curative care Iam.
The top-right hand panel of Figure 2 further illustrates that the level of investment in curative
care Im(t) increases with the consumption benefit of health ∂U(t)/∂H(t), the production benefit
of health ϕH(t), and with wealth (lower qA(0)), and decreases with the user cost of health capital
σH(t). Further, the level of health investment Im(t) is a function of the health stock H(t) (more
details are provided in section 3.4).
Healthy and unhealthy consumption: The center-left panel of Figure 2 shows the first-order
condition for healthy consumption Ch(t) (equation 19) which equates the marginal utility of
healthy consumption (solid line labeled ∂Ua/∂Ch) to the net marginal cost of healthy consumption
(solid line labeled qA(0)(pi
a
Ch
−ϕadCh)). The marginal utility of healthy consumption is diminishing in
the level of consumption (assumption 2). The net marginal cost of healthy consumption increases
with the marginal monetary cost of healthy consumption piCh(t) (equation 20; CRTS [assumption
5]) and decreases with the marginal health benefit ϕdCh(t) = −piIm(t)[∂d(t)/∂Ch(t)]H(t) (DRTS
[assumption 3]). Hence, the net marginal cost of healthy consumption is upward sloping. The
the control function health investment Im(t). Health H(t) is a state function and is determined by the dynamic relation
(2). At a given time t an individual cannot decide about its level (hence conditional). This seemingly subtle difference
in interpretation of the first-order condition (together with the assumption of DRTS in the health production function)
addresses a number of issues with the health production literature and allows us to accommodate a wider range of health
behaviors than existing health production models (see Galama, 2010). Importantly, the first-order condition (15) is of a
simpler form than the condition used in the health production literature, allowing us to develop a better understanding
of the characteristics of the optimal solution for health investment.
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point of intersection defines the optimal solution for healthy consumption Cah (vertical dashed
line).
The center-right panel of Figure 2 shows the first-order condition for unhealthy consumption
Cu(t) (equation 22). The first-order condition is similar to the condition for healthy consumption
described in the preceding paragraph. The difference lies in the marginal health cost (rather than
health benefit) of unhealthy consumption pidCu(t) = piIm(t)[∂d(t)/∂Cu(t)]H(t) (CRTS [assumption
4]) which has to be added rather than subtracted from the marginal monetary cost of unhealthy
consumption piCu(t) (equation 23; CRTS [assumption 5]). The net marginal cost of unhealthy
consumption is represented by the solid horizontal line labeled qA(0)(pi
a
Cu
+ piadCu
). The point of
intersection defines the optimal solution for unhealthy consumption Cau (vertical dashed line).
The level of healthy Ch(t) and unhealthy Cu(t) consumption increases with the marginal utility
of consumption (∂U(t)/∂Ch(t) and ∂U(t)/∂Cu(t)), increases with wealth (lower qA(0)), decreases
with the marginal monetary costs of consumption (piCh(t) and piCu(t)), increases with the marginal
health benefit of healthy consumption ϕdCh(t), and decreases with the marginal health cost of
unhealthy consumption pidCu(t).
Job-related health stress: The bottom-left panel of Figure 2 shows the first-order condition
for job-related health stress z(t) (equation 25) which equates the marginal production benefit
ϕz(t) = ∂Y(t)/∂z(t) (increased earnings; DRTS [assumption 3]) to the marginal health cost of
job-related health stress pidz(t) = piIm(t)[∂d(t)/∂z(t)]H(t) (CRTS [assumption 4]). The optimal
solution for job-related health stress za is indicated by the vertical dashed line. The optimal level
increases with the marginal production benefit ϕz(t) and decreases with the marginal health cost
pidz(t).
Investment in preventive care: The bottom-right panel of Figure 2 represents the first-order
condition for investment in preventive care Ip(t) (equation 28) which equates the marginal health
benefit of investment in preventive care ϕdIp(t) = −piIm(t)[∂d(t)/∂Ip(t)]H(t) (DRTS [assumption 3])
to the marginal monetary cost piIp(t) (equation 29; CRTS [assumption 5]). The optimal solution
for investment in preventive care Iap is indicated by the vertical dashed line. The optimal level of
investment in preventive care Ip(t) increases with the marginal health benefit ϕdIp(t) and decreases
with the marginal monetary cost piIp(t) of investment in preventive care.
3.3 SES and its effect on behavior
In this section we explore the (cumulative) effect on health over the life cycle of choices made in
curative care, in life style and in working environment. Our emphasis is on exploring differences
in constraints (e.g., in wealth, skills, experience, education and prices).
Common measures of SES employed in empirical research are wealth, earnings (income)
and education. In the following subsections we discuss the relations between wealth and health,
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earnings and health and education and health. We consider two individuals a and b who differ in
one particular SES indicator, but are otherwise identical. Both individuals have the same initial
level of health H(t), are of the same age t, face the same environments (e.g., same interest rate
δ), and have the same preferences (i.e., same utility function U[Ch(t),Cu(t),H(t)] and same time
preference β).20 We are interested in the predictions of our model for the subsequent evolution of
health for these two individuals, given a ceteris paribus change in one SES indicator.
3.3.1 Wealth and health: pure “asset” effect
Consider two individuals a and b who differ in life-time wealth qA(0). Individual b has greater
life-time wealth, i.e., qbA(0) < q
a
A(0), but is otherwise identical. Because of the similarities between
the two individuals the difference in life-time wealth is to be interpreted as due to differences in
endowed physical capital (e.g., assets A(0)).21
Investment in curative care: Figure 1 shows a stylized representation of the first-order
condition for investment in curative care as a function of health H(t) (top left-hand panel) and as
a function of investment in curative care Im(t) (top right-hand panel). Consider the top right-hand
panel first. As a result of greater endowed wealth (qbA(0) < q
a
A(0)) the net marginal cost of
maintaining the health stock shifts downward (curve labeled qbA(0)(σ
b
H − ϕbH)). As a result, the
optimal level of investment in curative care is higher Ibm > I
a
m.
An indirect effect operates through consumption. Greater endowed wealth allows individual
b to consume more consumption goods and services (see discussion below for further detail). A
higher level of consumption increases (or at a minimum leaves unchanged) the marginal utility
of health ∂U(t)/∂H(t) (assumption 6). Thus the marginal utility of health shifts upward (or is
unchanged) in both the top left-hand panel and in the top right-hand panel of Figure 1 (curves
labeled ∂Ub/∂H). This reinforces the effect on curative care, and wealthier individuals invest
more in curative care than less affluent peers Ibm > I
a
m.
Now turn to the top-left panel of Figure 1. Because the health stock of individuals a and b is
the same Hb = Ha the curves need to intersect at the same level of health. The net result is an
upward shift in the marginal cost of maintaining the health stock (curve labeled qbA(0)(σ
b
H − ϕbH)),
20Part of the SES health gradient may be explained by differences in individuals preferences. A lower rate of time
preference β operates in a similar manner to wealth, earnings and education. However in contrast to SES, differences
between low and high discounting individuals grow larger with time (the discount factor e(β−δ)t grows slower with age
t for an individual with a low discount rate). A lower rate of time preference may also lead to greater investment in
education (not part of our theory) and hence lead to joint determination of health and education (e.g., Fuchs, 1982;
1986).
21Endowments need not necessarily be available to the individual at age t = 0, but could also be received at later
ages. Conceptually there is no distinction between early and late endowments: an endowment at later ages also lowers
life-time wealth qA(0). Our model is deterministic and the individual knows with certainty about the timing and amount
of physical assets she will receive.
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as a result of the upward shift in the marginal utility of health ∂U/∂H.22,23
Healthy and unhealthy consumption: The center-left panel of Figure 1 shows the shift in the
level of healthy consumption Ch(t). The product qA(0)piCh(t) shifts downward as a result of greater
endowed physical capital (qbA(0) < q
a
A(0)) and because the marginal monetary cost of healthy
consumption piCh(t) (equation 20) is unchanged. Essentially, greater endowed assets enable more
purchases of healthy consumption goods. Further, endowed assets increase the health benefit
of healthy consumption, ϕdCh(t) = −piIm(t)[∂d(t)/∂Ch(t)]H(t) (for H
b = Ha and pibIm > pi
a
Im
[see
earlier discussion in “Investment in curative care”]). The resulting net marginal cost of healthy
consumption (solid line labeled qbA(0)(pi
b
Ch
−ϕbdCh)) is lower in level (the “wealth” effect) and steeper
in slope (the “savings in care” effect; ϕbdCh > ϕ
a
dCh
). In the example the marginal utility of healthy
consumption (curve labeled ∂Ub/∂Ch; center-left panel of Figure 1) is shown as unchanged (i.e.,
we have assumed the level of unhealthy consumption Cu(t) has not changed). The optimal solution
for healthy consumption Cch (vertical dashed line) of an individual with greater endowed wealth is
higher than that of a poorer individual Cbh > C
a
h.
The center-right panel of Figure 1 shows the shift in the level of unhealthy consumption Cu(t).
As with healthy consumption, greater endowed wealth shifts the product of the shadow price of
life-time wealth qA(0) (lowered) and the marginal monetary cost of unhealthy consumption piCu(t)
(unchanged; equation 23) downward. Unlike healthy consumption this shift is countered by an
increase in the marginal health cost of unhealthy consumption pidCu(t) = piIm(t)[∂d(t)/∂Cu(t)]H(t)
(for Hc = Ha and pibIm > pi
a
Im
; see earlier discussion in “Investment in curative care”). Greater
endowed wealth allows purchasing more unhealthy consumption goods, but also increases the
marginal health cost. Further, the marginal utility of unhealthy consumption ∂U(t)/∂Cu(t) shifts
downward as a result of the higher level of healthy consumption Ch(t) (assumption 7; see previous
paragraph). The optimal level of unhealthy consumption Cbu (vertical dashed line) is shown as
unchanged Cbu ∼ Cau.24
Job-related health stress and investment in preventive care: The first-order conditions for
job-related health stress z(t) (equation 25; bottom-left corner of Figure 1) and for investment in
preventive care (equation 28; bottom-right corner of Figure 1) do not depend on life-time wealth
qA(0). However, there is an indirect effect of greater endowed wealth. Both the marginal health
cost of job-related health stress pidz(t) (equation 26) and the marginal health benefit of preventive
22One can obtain the same result as follows. Since, ∂Ub/∂H ≥ ∂Ua/∂H we have qbA(0)[σbH(t) − ϕbH(t)] ≥
qaA(0)[σ
a
H(t) − ϕaH(t)] (equation 15) and the net result is an upward shift of the curve labeled qbA(0)(σbH − ϕbH).
23While the net marginal cost of maintaining the health stock (curve labeled qbA(0)(σ
b
H − ϕbH)) shifts downward as
a result of greater endowed wealth (qbA(0) < q
a
A(0)), it shifts upward due to a higher user cost of health capital σH(t),
since a higher optimal level of investment in curative care (Ibm > I
a
m) increases the marginal monetary cost of curative
care piIm (t) (piIm (t) ∝ Im(t)
1−α) (see equation 16 and assumption 5).
24Note that the marginal utility of healthy consumption ∂U(t)/∂Ch(t) is unchanged if the level of unhealthy
consumption Cu(t) is unchanged (as was assumed).
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care ϕdIp(t) (equation 30) are proportional to the marginal monetary cost of investment in curative
care piIm(t). Higher endowed wealth (individual b) implies pi
b
Im
(t) > piaIm(t) (see earlier discussion
in “Investment in curative care”). Thus wealthier individuals have greater marginal health cost
of job-related health stress pidz(t) and greater marginal health benefit of preventive care ϕdIp(t).
Consequently the optimal level of job-related health stress is lower zb < za and the optimal level
of investment in preventive care is higher Ibp > I
a
p for individuals with greater endowed wealth,
compared to less-affluent peers.
3.3.2 Income and health: pure “wage” effect
Again, consider two individuals a and b but this time the difference is in their wage rate. Individual
b has a higher “stressless” wage rate than individual a (wb∗(t) > w
a
∗(t)) and hence has a higher
level of earnings over the life cycle Yb(t) > Ya(t).25 It is important to distinguish between an
evolutionary wage change (differences along the wage path of an individual) and differences in
life-time wage profiles (between individuals).
Evolutionary wage change: In our model of perfect certainty a change in wage does not affect
the parameter qA(0) (life-time wealth) as the change is fully anticipated by the individual. Such
a response is referred to as an evolutionary wage change (along an individual’s wage profile).
An evolutionary increase in the wage rate w(t) increases the marginal production benefit of health
ϕH(t) = ∂Y(t)/∂H(t) and of job-related health stress ϕz(t) = ∂Y(t)/∂z(t) (see equations 9 and 10).
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It also increases the opportunity cost of time.27 As a result, the various marginal costs and benefits
of the functions of interest increase, and the net effect on the level of investment in curative care,
healthy consumption, job-related health stress, and preventive care is ambiguous. An exception is
the level of unhealthy consumption, which is lower since both the marginal monetary cost and the
marginal health cost of unhealthy consumption increase with the wage rate. Thus, an evolutionary
wage increase could be either good or bad for health.
However, consider the case where the marginal production benefit of health ϕH(t) is small
25Earnings Y(t) are a function of the wage rate w(t) times the amount of time spent working τw(t) (see equation
9). A higher wage rate w∗(t) implies that individual b has higher earnings Y(t) than individual a because the direct
effect of higher wages is to increase earnings (the wage rate multiplied by the time spent working). A secondary effect
operates through time spent working, where individuals may work more because of the higher opportunity cost of not
working (substitution effect). On the other hand individuals may work fewer hours to spend their increased income
on care or consumption (income effect). Empirical studies suggest that the substitution and income effects are of the
same magnitude (e.g., Blundell and MaCurdy, 1999) and hence that the direct effect of a wage increase is to increase
earnings.
26In our formulation the marginal benefit of job-related health stress is increasing in the wage rate. Case and Deaton
(2005) in their narrower definition of z(t) as manual, risky labor (i.e., not including the psychosocial aspects of work),
assume that the marginal benefit of additional manual labor is lower among those with higher wages.
27The wage rate might not be the most appropriate measure of the opportunity cost of time since time is not always
mutually exclusive. Sick time is usually used in the production of curative care, and often institutional arrangements
make it possible to continue earning wages while seeking curative care (De Serpa, 1971; Muurinen, 1982).
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compared to the user cost of health capital σH(t).
28 Since individuals a and b possess the same
health stock, and σH(t) − ϕH(t) ∼ σH(t), it follows from the first-order condition for health
investment (equation 15) that σH(t) is unchanged and hence piIm(t) is unchanged. Yet a higher
wage rate increases the opportunity cost of time, and consequently the level of investment in
curative care Im(t) is lower.
29 Further, the health benefit of healthy consumption ϕdCh(t) and
of preventive care ϕdIp(t) (equations 21 and 30), and the health cost of unhealthy consumption
pidCu
(t) and of job-related health stress pidz(t) (equations 24 and 26) are unchanged (because piIm(t)
is unchanged). The marginal monetary cost of healthy consumption piCh(t) (equation 20) and of
unhealthy consumption piCu(t) (equation 23) however increase with the wage rate w(t) (reflecting
the higher opportunity cost of time) and the level of healthy Ch(t) and unhealthy Cu(t) consumption
is lower. In addition, the marginal production benefit of job-related health stress ϕz(t) increases
with the wage rate (equation 27) as does the marginal monetary cost of investment in preventive
care piIp(t) (equation 29). As a result, the level of job-related health stress z(t) is higher and the
level of investment in preventive care Ip(t) lower. Thus, on balance, if the production benefit of
health is small, an evolutionary wage change is bad for health. An exception to this pattern is the
level of unhealthy consumption, which is lower.
Differences in life-time wage profiles: Now consider again two individuals a and b. Individual
b earns higher wages over the life cycle, i.e., person b has greater life-time wealth (and hence
qbA(0) < q
a
A(0)). Thus the net result of higher earnings over the life cycle would be similar
to the “pure” asset effect described in section 3.3.1, except that apart from the life-time wealth
effect (qbA(0) < q
a
A(0)) there is also a competing effect of the greater opportunity cost of time (see
discussion above).
3.3.3 Education and health: the additional “efficiency” effect
Consider two individuals a and b who differ in their level of education E. Individual b has obtained
more education but is otherwise identical. As a result, individual b has a higher wage rate w∗(t)
(equation 11). Thus the effect of education is similar to the effect of higher earnings over the life
cycle and the discussion presented in section 3.3.2 applies here as well.
But education potentially also improves the efficiencies µ(t; E) of investment in curative and
preventive care, and to a lesser extent healthy and unhealthy consumption (equations 5 to 8).30
The marginal cost of investment in curative care piIm(t) is determined by the first-order condition
for health investment (equation 15) and is unchanged. Since the marginal cost of investment
in curative care piIm(t) increases in the level Im(t) and decreases in the efficiency µIm(t; E) of
28Note that it is always true that σH(t) > ϕH(t), otherwise the investment in curative care would finance itself through
negative net marginal costs of maintaining the health stock and individuals would achieve infinite health.
29This can be seen from equation (17): if w(t) increases, Im(t) has to decrease to maintain piIm (t) at the same level.
30Grossman (1972a; 1972b) assumes that the higher educated are more efficient producers and consumers of curative
care. We extend his definition to preventive care. However, it is less clear whether the higher educated are more efficient
producers and consumers of consumption goods and services.
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investment in curative care (see equation 17), a higher efficiency due to education implies a higher
level of investment in curative care compared to the pure “wage” effect described in section 3.3.2.
A higher efficiency of investment in preventive care µIp(t; E) lowers the marginal monetary
cost of preventive care piIp(t) (equation 29) while the marginal benefit ϕdIp(t) ∝ piIm(t) (equation
30) is unchanged. Thus the optimal level of investment in preventive care is higher compared with
the pure “wage” effect.
If the efficiencies of healthy and unhealthy consumption do not (or only moderately) respond
to education then the levels of healthy and unhealthy consumption are unchanged compared to the
pure “wage” effect.
3.3.4 Summary and discussion – the effect of SES on behavior
The left column of Table 1 provides a brief overview of the effect of greater endowed wealth
on behavior. The direct effect of endowed wealth (through qA(0)) is to enable a higher level of
investment in curative care Im(t), healthy consumption Ch(t) and unhealthy consumption Cu(t).
In addition, associated with a higher level of investment is a higher marginal monetary cost
of curative care piIm(t) (assumption 1). As a result, individuals derive greater marginal health
benefit from healthy consumption ϕdCh(t) and from preventive care ϕdIp(t) because of the greater
monetary value represented by the amount of health saved. Similarly, the marginal health cost of
unhealthy consumption pidCu(t) and of job-related health stress pidz(t) are greater because of the
greater monetary value represented by the amount of health lost.
Wealthier individuals invest more in curative Im(t) and preventive care Ip(t) and their level
of healthy consumption Ch(t) is higher. Wealthy individuals also engage in work that is more
conducive to health: jobs associated with lower levels of job-related health stress z(t). Wealth
protects health by encouraging healthy life styles and enabling individuals to work and live in
healthy environments. The net effect is ambiguous only for the level of unhealthy consumption
as the direct effect of endowed wealth is to enable a higher level of unhealthy consumption Cu(t),
whereas the indirect effect is an increase in the marginal health cost of unhealthy consumption
pidCu
(t).
With regards to consumption, consider a situation where the severity of the health detriment
∂d(t)/∂Cu(t) resulting from unhealthy consumption is greater than in the example shown in the
right-hand panel of Figure 1. In this case greater marginal health cost of unhealthy consumption
pidCu
(t) ∝ ∂d(t)/∂Cu(t) shifts the net marginal cost of unhealthy consumption (qbA(0)(pibCu + pi
b
dCu
);
center-right panel of Figure 1) upward. This lowers the level of unhealthy consumption Cbu.
31
Because the marginal health cost of unhealthy consumption increases in the severity of the health
detriment (pidCu(t) ∝ ∂d(t)/∂Cu(t)) we expect to observe a pattern in which wealthy individuals
31This shift is exacerbated due to substitutability in utility of healthy Ch(t) and unhealthy Cu(t) consumption
(assumption 7), as the marginal utility of healthy consumption ∂U(t)/∂Ch(t) increases for a lower level of unhealthy
consumption Cu(t) and the marginal utility of unhealthy consumption ∂U(t)/∂Cu(t) decreases for a higher level of
healthy consumption Ch(t).
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Endowed Evolutionary
wealth wage change
Im(t) + −
Ch(t) + −
Cu(t) +/− −
z(t) − +
Ip(t) + −
Table 1: The effect of greater endowed wealth qbA(0) < q
a
A(0) (left column) and of an evolutionary
wage increase (right column) on behavior. The results for greater endowed wealth (left column)
are also valid for the effect of greater earnings over the life cycle and for the effect of a higher
level of education.
consume more of moderately unhealthy consumption goods (e.g., moderate alcohol consumption)
and less of more severe unhealthy consumption goods (e.g., cigarettes, high alcohol consumption,
illicit drugs) when compared to less wealthy individuals.
Differences between individuals in life-time earnings (comparing different individuals with
different life cycle wage profiles) operate similar to an increase in endowed wealth. Our model
suggests that the health benefit of a “pure” asset endowment would be larger than the effect of a
“comparable” change in life-time earnings (similar change in the shadow-price of life-time wealth
qA(0)) due to the competing effect of the increased opportunity cost of time. There are reasons
to believe that the life-time wealth effect may dominate the effect of the opportunity cost of time
(higher current wages). First, this is consistent with the result by Dustmann and Windmeijer
(2000) and Contoyannis et al. (2004) that a transitory wage increase affects health negatively
while a permanent wage change affects health positively. Second, it is consistent with the rich
literature on SES and health that consistently finds that high income individuals are generally in
better health than low income individuals.
A higher level of education operates similar to greater earnings over the life cycle. But
education has an independent effect on health, over and above generating greater life-time earnings
and wealth, through enhancing the efficiency of curative and preventive care. This leads to a higher
demand for both curative and preventive care.
The right-hand column of Table 1 summarizes the effect of an evolutionary increase in the
wage rate if the marginal production benefit of health ϕH(t) is small compared to the user cost
of health capital σH(t). On average, as a result of the increased opportunity cost of time and the
greater marginal production benefit of job-related health stress, an evolutionary increase in the
wage rate is bad for health.
If there is no complementarity in utility of consumption and health (assumption 6) the
predictions would remain the same. If the relation were instead one of substitutability (worse
health improves the utility of consumption), solutions are possible in which greater SES leads to
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less investment in curative care. This is generally not observed. If there were no substitutability
in utility of healthy and unhealthy consumption (assumption 7) higher SES would generally not
lead to a reduction in unhealthy consumption, except for extremely unhealthy consumption goods,
but would still be associated with a shift toward healthy consumption (i.e., a smaller fraction of a
larger budget is devoted to unhealthy consumption).
3.4 Health and its effect on behavior
In this section we consider two identical individuals a and c that differ only in their health.
Individual c is in better health than individual a (Hc > Ha), but is otherwise identical to individual
a, i.e., all exogenous variables and functions are assumed to be the same as for person a.
Investment in curative care: Consider the top right-hand panel of Figure 2 first. There is
no direct effect of a higher level of health on the user cost of health capital at the margin
σH(t) = piIm(t)[d(t) + δ − piIm(t)].
32 However, the production benefit of health ϕH(t) = ∂Y(t)/∂H(t)
is lower (DRTS [assumption 3]), and the resulting curve shifts upward (labeled qA(0)(σ
c
H − ϕcH)).
Further, the marginal utility of health is lower (curve labeled ∂Uc/∂H; diminishing marginal utility
[assumption 2]). An indirect effect operates through consumption, is assumed to be smaller than
the direct effects, and is discussed below. These shifts are associated with a lower optimal level of
investment in curative care Icm < I
a
m.
Now turn to the top left-hand panel of Figure 2 which shows the associated shifts as a function
of health. Assuming a lower level of investment in curative care Im(t), the user cost of health capital
σH(t) is smaller (assumption 5) and the net marginal user cost of health capital shifts downward
(labeled qA(0)(σ
c
H − ϕcH)). Further, an indirect effect on the marginal utility of health ∂U(t)/∂H(t)
operates through consumption. Higher health increases the marginal utility of consumption and
hence increases the level of healthy Ch(t) and unhealthy Cu(t) consumption (assumption 6). This
in turn increases the marginal utility of health and the curve shifts upward (labeled ∂Uc/∂H).
Thus higher health is associated with two competing shifts: (i) a shift of the curve through higher
consumption, and (ii) a shift along the curve because of diminishing marginal utility (assumption
2). Again, health provides a constraint and both curves have to intersect at Hc. The marginal
utility at the point of intersection ∂Uc/∂H determines the marginal utility of health in the top
right-hand panel of Figure 2 (draw a horizontal line from the top left-hand to the top right-hand
panel in Figure 2). There, the intersection of the two curves determines the optimal level of health
32There is however an indirect effect on the biological aging rate d(t) because health affects choices made in working
environment and in life style (operating through Ch(t), Cu(t), z(t) and Ip(t)). This secondary effect is assumed to be
small, which would be the case if ∂d(t)/∂Ch(t), ∂d(t)/∂Cu(t), ∂d(t)/∂z(t) and ∂d(t)/∂Ip(t) are small. However, as we
will see, even under this assumption, as time passes lower levels of healthy consumption, curative and preventive care
and higher levels of unhealthy consumption and job-related health stress lead to increasing health disadvantage over
the life cycle.
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Figure 2: Differences in Health: Marginal consumption ∂U/∂H and marginal production benefit
ϕH of health versus the user cost of health capital at the margin σH as a function of health (top
left) and as a function of health investment (top right). Marginal utility of healthy consumption
∂U/∂Ch versus the marginal monetary cost piCh and the marginal health benefit ϕdCh of healthy
consumption Ch(t) (center left); Marginal utility of unhealthy consumption ∂U/∂Cu versus the
marginal monetary cost piCu and the marginal health cost pidCu of unhealthy consumption Cu(t)
(center right); Marginal health cost pidz versus the marginal production benefit ϕz of job-related
health stress z(t) (bottom-left); Marginal monetary cost piIp versus the marginal health benefit ϕdIp
of investment in preventive care Ip(t) (bottom-right). In labeling the curves we have omitted the
time varying term with exponent (β − δ)t.
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investment, and Icm < I
a
m (consistent with our assumption).
33 Hence, a larger health stock Hc > Ha
reduces the marginal monetary cost of curative care picIm < pi
a
Im
(see equation 16).
Healthy and unhealthy consumption: Changes in health and in the marginal monetary cost
of curative care have no direct effect on the marginal monetary cost of healthy consumption
piCh
(t) (equation 20) and of unhealthy consumption piCu(t) (equation 23), hence both are shown
as unchanged in the center-left and center-right panels of Figure 2. A higher level of health
increases the health benefit of healthy consumption ϕdCh(t) (and the health cost of unhealthy
consumption pidCu(t)), yet at the same time the health benefit (cost) is reduced through a lower
marginal monetary cost of curative care as healthy individuals demand less curative care (ϕdCh(t) ∝
piIm
(t)H(t) and pidCu(t) ∝ piIm(t)H(t); see equations 21 and 24). The net effect is ambiguous.
To reflect this, we show both the net marginal cost of healthy consumption (solid line labeled
qA(0)(pi
c
Ch
−ϕcdCh); center-left panel of Figure 2) and the net marginal cost of unhealthy consumption
(solid line labeled qA(0)(pi
c
Cu
+ picdCu
); center-right panel of Figure 2) as being unchanged (i.e.,
picIm
Hc ' piaIm H
a; we will return to this point later).
Now turn to the marginal utility of healthy consumption ∂U(t)/∂Ch(t) and of unhealthy
consumption ∂U(t)/∂Cu(t). The direct effect of higher health H
c > Ha, due to complementarity
in utility of consumption and health (assumption 6) is to shift both the marginal utility of healthy
consumption ∂U(t)/∂Ch(t) (curve labeled ∂U
c/∂Ch, center-left panel of Figure 2) and of unhealthy
consumption ∂U(t)/∂Cu(t) (curve labeled ∂U
c/∂Cu, center-right panel of Figure 2) upward.
34 The
optimal solution for healthy consumption as well as for unhealthy consumption is higher: Cch > C
a
h
and Ccu > C
a
u.
In the scenario discussed above it was assumed that the net marginal cost of healthy and of
unhealthy consumption remain unchanged. Now consider two alternative scenarios. In scenario
1, the direct effect of higher health Hc > Ha exceeds the indirect effect of changes in the marginal
cost of curative care (as a result of higher health), i.e., picIm H
c > piaIm
Ha, and in scenario 2 we
explore the opposite, i.e., picIm H
c < piaIm
Ha.35 In scenario 1 both the marginal health benefit of
healthy consumption ϕdCh(t) and the marginal health cost of unhealthy consumption pidCu(t) are
higher for individual c.36 This further increases the level of healthy consumption Cch, but lowers
33Note that solutions are possible in which higher health leads to greater investment in health, i.e. a positive
correlation between health and curative care (which is generally not observed). This requires the indirect effect on
the marginal utility of health, operating through a higher level of consumption (as a result of greater health), to be quite
substantial. Such solutions cannot be ruled out but appear less plausible.
34An indirect effect operates through consumption. Because of substitutability in utility of healthy Ch(t) and
unhealthy Cu(t) consumption (assumption 7), both the marginal utility of healthy consumption ∂U(t)/∂Ch(t) and the
marginal utility of unhealthy consumption ∂U(t)/∂Cu(t) shift downward. Assuming that the direct effect dominates the
indirect effect the net result is nevertheless an upward shift.
35Scenario 1 corresponds to a small elasticity of health investment with respect to health and scenario 2 corresponds
to a high elasticity. Assume Im(t) ∝ H−γ, where γ is the elasticity of health investment with respect to health. Scenario
1 (picIm H
c > piaIm
Ha) then implies γ < 1/(1 − α) while scenario 2 implies γ > 1/(1 − α).
36Although these shifts are not depicted it is useful to use Figure 2 for reference. Scenario 1 implies a downward shift
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the level of unhealthy consumption Ccu (compared with the example shown in the center-left hand
panel of Figure 2).37 In scenario 2 we expect to observe the opposite pattern: higher health
Hc > Ha decreases the level of healthy consumption Cch, and further increases the level of
unhealthy consumption Ccu (compared with the example shown in the center-right hand panel of
Figure 2).
Job-related health stress and investment in preventive care: Greater health is potentially
associated with a greater marginal production benefit of job-related health stress ϕz(t) =
∂Y(t)/∂z(t) (curve labeled ϕcz ; bottom-left panel of Figure 2) as healthy individuals have higher
earnings Y(t) (see equation 9). The marginal monetary cost of preventive care piIp(t) is independent
of the level of health (equation 29). The effect on the marginal health cost of job-related health
stress and the marginal health benefit of investment in preventive care is once more ambiguous
(see equations 26 and 30) and both are shown as unchanged (i.e., picIm H
c ' piaIm H
a). The resulting
optimal level of job-related health stress is higher zc > za (bottom-left panel of Figure 2) and the
level of investment in preventive care is unchanged Icp ∼ Iap (bottomright panel of Figure 2).
In scenario 1 (scenario 2) the marginal health cost of job-related health stress pidz and the
marginal health benefit of investment in preventive care ϕIp are higher (lower), and the level
of job-related health stress decreases (increases) and the level of investment in preventive care
increases (decreases) with respect to the case shown in the bottom-left and bottom-right panels of
Figure 2.
Summary and discussion – the effect of health on behavior: Table 2 provides a brief overview
of the effect of greater health on behavior. Regardless of the scenario, individuals in better health
invest less in curative care Im(t). In scenario 1 individuals consume more healthy consumption
Ch(t) and invest more in preventive care Ip(t), while the effect on unhealthy consumption Cu(t)
and job-related health stress is ambiguous. In scenario 2 individuals consume more unhealthy
consumption Cu(t), engage more in job-related health stress z(t), and invest less in preventive care
Ip(t), while the effect on healthy consumption Ch(t) is ambiguous.
If there is no complementarity in utility of consumption and health (assumption 6) the
predictions would remain the same, except that the effect of greater health on healthy consumption
is negative in scenario 2 and the effect of greater health on unhealthy consumption is positive
in scenario 1 (i.e., not ambiguous as shown in Table 2). If the relation were instead one of
substitutability (worse health improves the utility of consumption), solutions are possible in which
in the net marginal costs of healthy consumption with respect to the curve shown qA(0)(pi
c
Ch
− ϕcdCh ) in the center-left
panel through increased ϕdCh . Scenario 1 also implies an upward shift in the net marginal cost of unhealthy consumption
with respect to the curve shown qA(0)(pi
c
Cu
+ picdCu
) in the center-right panel through increased pidCu .
37These shifts are exacerbated due to substitutability in utility of healthy Ch(t) and unhealthy Cu(t) consumption
(assumption 7), as the marginal utility of healthy consumption ∂U(t)/∂Ch(t) increases for a lower level of unhealthy
consumption Cu(t) and the marginal utility of unhealthy consumption ∂U(t)/∂Cu(t) decreases for a higher level of
healthy consumption Ch(t).
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Scenario 1 2
Im(t) − −
Ch(t) + +/−
Cu(t) +/− +
z(t) +/− +
Ip(t) + −
Table 2: The effect of higher health Hc > Ha on behavior.
greater health leads to lower levels of consumption and more investment in curative care. This is
generally not observed.
4 Discussion and conclusions
The aim of this paper is to provide a contribution toward a theory of the relation between health
and socioeconomic status (SES) over the lifecycle. Our life-cycle model incorporates multiple
mechanisms that could explain (jointly) a large part of the observed disparities in health by SES.
In our model, lifestyle factors (preventive care, healthy and unhealthy consumption), working
conditions (physical and psychosocial health stresses), living conditions (housing, neighborhood
social environment), curative care and the constraining effect of health on work are mechanisms
through which SES (endowed wealth, life-time earnings and education) and health are related.
The main mechanism through which SES translates into health is by increasing the marginal
cost of and the demand for curative care. This in turn increases the health benefit of (and hence
demand for) preventive care and healthy consumption, and the health cost of (and hence reduced
demand for) unhealthy working and living environments, and unhealthy consumption.
Even without the inclusion of additional potential mechanisms responsible for the SES health
gradient (beside utilization of curative care), the theory predicts differences in the “effective” rate
of health decline H˙(t) between high- and low-SES individuals due to differences in the level
of investment in curative care Im(t). This addresses the criticism leveled by Case and Deaton
(2005). But greater SES also induces healthy lifestyles, encourages investment in preventive care
and protects individuals from the health risks of physical working conditions (e.g., hard labor)
and/or psychosocial aspects of work (e.g., low status, limited control, repetitive work, etc) that are
detrimental to health.
Endowed wealth, life time earnings and education each operate in distinct ways. The effect of
greater earnings over the life cycle on health differs from the effect of greater endowed wealth in
that the “wealth” effect is moderated by the higher opportunity cost of time. Plausibly, however,
the effect of greater earnings over the life cycle dominates the opportunity cost effect. For example,
Dustmann and Windmeijer (2000) and Contoyannis et al. (2004) find a positive effect on health
from a permanent wage increase and a negative effect from a transitory wage increase. The
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effect of education on health is similar to that of greater earnings over the life cycle, but with
the additional effect of increasing the efficiency of the production and consumption of curative
and preventive care.
Irrespective of the SES indicator, for individuals who are initially equally healthy, the health
trajectories of high and low SES individuals will begin to diverge. In addition, the higher the
health stock, the greater the earnings (e.g., see equation 9) such that reverse causality (from health
to SES) could further reinforce the SES health gradient. Results from earlier studies (Ehrlich
and Chuma, 1990; Ehrlich, 2000; Galama et al. 2009) suggest that the more rapidly worsening
health of low SES individuals could lead to early withdrawal from the labor force and shorter life
spans. Early withdrawal from the labor force may contribute to further increasing disadvantage
(widening of the SES health gradient) as the associated loss of income disproportionally affects
low SES individuals. Mortality selection, i.e. lower SES people are more likely to die early,
may result in an apparently healthier surviving disadvantaged population, partially explaining the
narrowing of the gradient in late age.
Further, depending on the elasticity of investment in curative care with respect to health, the
predicted divergence in health trajectories between low and high SES individuals could be further
reinforced (scenario 1; small elasticity) or mitigated (scenario 2; large elasticity). In scenario
2 (see Table 2 [opposite signs for lower health] in section 3.4), over time the rate of divergence
slows as subsequent lower levels of health encourages low SES individuals to invest more in health
and engage in healthier behavior. Thus the theory predicts an initial widening and potentially a
subsequent narrowing of the SES-health gradient. In scenario 1 less healthy individuals engage in
less healthy behavior (with the exception of investment in curative care), and the theory predicts a
continued widening of the gradient with age (or a weaker narrowing process).
Scenario 1 thus predicts a process of cumulative advantage for high SES individuals. The
cumulative advantage hypothesis states that health inequalities emerge by early adulthood and
subsequently widen as economic and health advantages of higher SES individuals accumulate
(House et al. 1994; Ross and Wu, 1996; Lynch, 2003). Any apparent narrowing of SES
inequalities in late life is largely attributed to mortality selection. In contrast, scenario 2 predicts
an economic variant of the age-as-leveller hypothesis (House et al. 1994; Elo and Preston, 1996;
Beckett, 2000). The age-as-leveler hypothesis maintains that deterioration in health is an inevitable
part of aging irrespective of SES with the result that the SES-health gradient narrows at later ages.
Relative to the disadvantaged, economically advantaged people may be better able to postpone,
but not prevent, declining health status.
Our theory can explain additional stylized empirical facts. The model predicts that individuals
in better health invest less in curative care Im(t). This finding is supported by casual observation
(the healthy do not go to the doctor) and by numerous empirical studies that find a strong negative
correlation between measures of health and measures of curative (medical) care usage (see Galama
and Kapteyn, 2009, for an overview of the empirical literature). Further, as our health declines
with age, the demand for curative care increases. If the effect of deteriorating health on investment
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in curative care dominates the effect of the opportunity cost of time,38 the model is capable of
reproducing the observation that young individuals invest little in curative care, the middle-aged
more and the elderly the most.
Another prediction of the theory is a pattern in which high SES individuals consume more
of moderately unhealthy consumption goods (e.g., moderate alcohol consumption) and less of
severely unhealthy consumption goods (e.g., cigarettes, high alcohol consumption, illicit drugs)
when compared to lower SES individuals. Greater wealth permits more consumption but also
increases the marginal monetary value of health lost. This could provide a plausible explanation
for the observation that high SES individuals are less likely to smoke cigarettes (bad for health)
but are more likely to be moderate drinkers (moderately bad for health) than low SES individuals
(e.g., Cutler and Lleras-Muney, 2008; Stringhini et al. 2010).
Our theory suggests that the SES health gradient could be strong in countries with universal
health care coverage and low deductions, where the price of curative care is low and health care
is affordable for everyone, as well as in countries with large uninsured populations. The marginal
cost of curative care is largely determined by life-time wealth (qA(0), i.e., SES) and by the health
stock H(t) (see the first-order condition 15). Thus, a low price of curative care pm(t) does not
influence the marginal monetary cost of curative care but increases the demand for curative care
Im(t) (see equation 17 and keeping piIm(t) unchanged). Further, because the marginal cost of
curative care is not sensitive to price, the marginal health benefit of healthy consumption and
preventive care and the health cost of unhealthy consumption and job-related health stress are
unchanged. Thus the price of curative care does not affect choices in consumption, preventive care
and in living and working environments directly, and also in countries with universal health care
coverage and low deductibles there will be a significant SES health gradient. This is particularly
true if medical care is not a large determinant of the SES health gradient (e.g., Adler et al. 1993)
and could explain why the observed SES health gradient over the life cycle is strikingly similar
between countries with relatively low levels of protection from loss of work and health risks, such
as the U.S., and those with stronger welfare systems, such as the Netherlands (e.g., Smith, 1999;
2004; 2007; Case and Deaton 2005; van Kippersluis et al. 2010).
The predictions regarding the effects of SES on health depend on the notion that health has
both intrinsic as well as instrumental value.39 Differences in endowed wealth qA(0) have no effect
on health if health does not provide utility (e.g., in the pure investment model, Grossman, 1972a;
1972b). In this case, the effect of greater earnings over the life cycle would be ambiguous as a
higher wage rate increases both the user cost of health capital σH(t) and the production benefit of
health ϕH(t). The effect of education would mostly operate through greater efficiency of medical
and curative care.
38Low at young ages and high in middle and old age as a result of the typical hump-shaped wage profile with age
(e.g., Mincer, 1974).
39As recognized by, e.g., Mushkin (1962) who noted that “ Health services . . . are partly investment and partly
consumption . . . An individual wants to get well so that life for him may be more satisfying. But also when he is well he
can perform more effectively as a producer”
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Thus, if health is mostly valued for its production benefit (generating earnings) this could
explain the absence of strong evidence for a causal effect of financial indicators of SES on health
(e.g., Cutler et al. 2010). Another possible explanation of this finding is that the effect of SES
on health accumulates over time. The effect of financial indicators of SES on health is typically
estimated contemporaneously (or with a small delay) and the wealth effect may be countered by
the opportunity cost of time. Education, on the other hand, is obtained early in life (and hence its
effect has had ample time to accumulate) and education potentially increases the efficiency of the
production and consumption of curative and preventive care. This may provide an explanation for
the strong effect of education on health outcomes observed in empirical studies (e.g., Grossman,
2000; Lleras-Muney, 2005; Silles, 2009). It also suggests that the protective effect of SES on
health, in particular education, increases with age (Ross and Wu, 1996; Lynch, 2003).
In order to illustrate the theory and to derive predictions, we have made assumptions about
the nature of the relations between functions of interest. The assumptions (1 to 5) of diminishing
or constant returns to scale are commonly made in economics. If there is no complementarity in
utility of consumption and health (assumption 6) the predictions would remain the same. If the
relation were instead one of substitutability (worse health improves the utility of consumption),
solutions are possible in which greater SES leads to less investment in curative care. This is
generally not observed. If there were no substitutability in utility of healthy and unhealthy
consumption (assumption 7) higher SES would not lead to a reduction in unhealthy consumption
(except for severaly unhealthy consumption) but would still be associated with a shift toward
healthy consumption (a smaller fraction of a larger budget is devoted to unhealthy consumption).
Our model includes major mechanisms identified in a review of the literature as explaining
(jointly) a large part of the observed disparities in health by SES. Given the complexity (e.g.,
Cutler et al. 2010) of the various relations between SES and health, we have focused on potential
explanations that a) explain a large part of the gradient and b) are relatively straightforward to
include in our theoretical framework.
Compared to Grossman (1972a; 1972b), Ehrlich and Chuma (1990) and Case and Deaton
(2005) the model presented in this paper contains several improvements and extensions: (i) A
distinguishing feature is our interpretation of the relation (15) as being the first-order condition
for optimal health investment Im(t), conditional on the level of the health stock H(t), rather than
the first-order condition for optimal health H(t). This interpretation necessitates the assumption
of decreasing-returns-to-scale (DRTS) in the health production function (as in Ehrlich and
Chuma, 1990; see also Dustmann and Windmeijer, 2000; and Liljas, 2000), and addresses
the indeterminacy problem (“bang-bang” solution) for investment in curative care (Ehrlich and
Chuma, 1990), ensures that investment in curative (medical) care is non-negative (for the usual
assumptions of functional forms), reproduces the observed negative relation between health and
the demand for medical care, finds the health stock to be a function of initial health, past biological
aging and past health investments made, and explains differences in the level of health as well as
the rate of health decline between low and high SES groups (see Galama, 2010). Addressing these
issues has been crucial: unlike alternative life-cycle models of health, medical care, and SES,
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our formulation can explain the formation of disparities in health by SES with age. (ii) We have
included the concept of healthy consumption (as well as unhealthy consumption as in Case and
Deaton, 2005) and allow the demand for consumption to be governed both by the direct monetary
price of consumption as well as the indirect health benefit (healthy consumption) or indirect health
cost (unhealthy consumption). Case and Deaton (2005) on the other hand consider an unhealthy
consumption good whose price is only paid in terms of health. (iii) We have broadened the concept
of “job-related health stress” to include not only hard/risky labor (as in Case and Deaton, 2005)
but also psychosocial aspects of work that are detrimental to health. (iv) We have argued that the
effect of housing and neighborhood social environment can be included by extending the definition
of healthy consumption as well as exogenous environmental factors to include relevant aspects of
housing and neighborhood characteristics. (v) We have introduced the concept of preventive care.
Numerical methods are required to solve the full model, including endogenous retirement
decisions and mortality. With regard to mortality, the model provides a natural way to include
length of life. In Grossman’s original formulation (Grossman, 1972a; 1972b) length of life is
determined by a minimum health level Hmin, below which an individual dies. Endogenous length
of life can be incorporated as in Ehrlich and Chuma (1990) and Ehrlich (2000) and simulated
and calibrated as in Ehrlich and Yin (2005). With regard to retirement, as emphasized by Smith
(2004) and Case and Deaton (2005), reverse causality from health to income through labor force
participation could be an important mechanism explaining the SES-health gradient. In our model,
this could be incorporated by an endogenous retirement age (as in Galama et al. 2009).
Another important extension of our model would be to incorporate insights from the literature
on socioeconomic differences in the evolution of child health (e.g., Case et al. 2002; Currie and
Stabile, 2003; Currie et al. 2007; Murasko, 2008), and from the literature on the impact of fetal
and early-childhood conditions on health in adulthood (e.g., Barker et al. 1993; Case et al. 2005;
van den Berg et al. 2006).40 This might be feasible by including the production of health by the
family (including the health of the child) similar to, e.g., Jacobson (2000) and Bolin et al. (2001;
2002a; 2002b).
We do not explicitly take into account the influence of the wider social context and social
relationships of the family or neighborhood on health (House et al. 1988; Robert, 1998; Kawachi
and Berkman, 2003). Less affluent areas are more polluted, have lower quantity and quality of
municipal services, have higher crime rates, and are associated with unhealthy lifestyles (Robert,
1998). Also, the social isolation induced by poor quality and quantity of social contacts is an
important risk factor for health (House et al. 1988). In our model this is partly captured by the
exogenous part of the biological aging rate (exogenous environmental factors ξ(t)). However, it is
40The potential influence of childhood health on education is not included in our formulation as education is treated
as being predetermined by the time individuals join the labor-force. Childhood conditions can be accounted for by
treating the health status of an individual joining the labor force and investment in human capital prior to adulthood as
initial conditions, i.e., we take initial health H(0) and years of schooling E as given. Our model is therefore limited to
explaining the formation of disparities in health from early adulthood till old age but not during childhood or the fetal
period. As a result, the formulation cannot model the possible joint determination of education and health.
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likely that social factors are partly endogenous to socioeconomic status (Robert, 1998). The role
of the wider social context, social relationships, and other psycho-social risk factors (House et al.
1988; 1994; Robert, 1998; Kawachi and Berkman, 2003) can partially be captured in our model
by extending the definition of healthy consumption to include choice of housing / neighborhood
social environment. This might be further extended by including social capital similar to, e.g.,
Bolin et al. (2003).
We have not explicitly included racial and gender disparities in health. Racial categories
importantly capture differences in power, status, and resources (Williams, 1999). Differences in
SES between racial groups account for most of the observed racial disparities in health (Williams
and Collins, 1995; Lillie-Blanton et al. 1996). Yet, racial differences in health and mortality persist
even at “equivalent levels” of SES, and race/ethnicity has an independent effect beyond indicators
of socioeconomic status (e.g., House and Williams, 2000). To the extent that racial/ethnic
influences act independently of SES, race/ethnicity can be included in our formulation through
the exogenous component of the biological aging rate. The same holds for gender disparities
in health, if operating independently of SES (Luchenski et al. 2008). However, it has been
argued that gender and race potentially moderate the relation between SES and health. It could
be that discrimination makes it difficult to translate high SES into good health, or that employer
discrimination makes minorities in poor health particularly likely to lose their jobs. The literature
is inconclusive to what extent race/ethnicity and gender moderate the relationship between SES
and health (Matthews et al. 1999; House and Williams, 2000; Luchenski et al. 2008).
Lastly, insights from the behavioral-economic and psychological literature regarding myopia
and lack of self-control (e.g., Blanchflower et al. 2009) might be incorporated following Laibson
(1998). Uncertainty (e.g., health shocks) could be included similar to, e.g., Cropper (1977),
Dardanoni and Wagstaff (1990), Liljas (1998) and Ehrlich (2000). Joint determination of health
and socioeconomic status due to factors such as intelligence, cognitive ability and non-cognitive
skills may be incorporated by allowing these factors to raise the efficiency of household production
in a similar way as education (e.g., Chiteji, 2010).
Empirical estimation of the model is needed to test the assumptions and the theoretical
predictions presented in this work and to assess the relative importance of mechanisms, study
interactions between mechanisms, and disentangle the different patterns of causality. This will
require developing structural- and reduced-form relations. Model estimates may contribute to
improving our understanding of the operational roles of major mechanisms in explaining the SES
health gradient, and to simulating the long-term effects of policy interventions.
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A First-order conditions
Associated with the Lagrangian (equation 12) we have the following conditions:
q˙A(t) = −
∂=(t)
∂A(t)
⇒
q˙A(t) = −δqA(t)⇔
qA(t) = qA(0)e
−δt, (31)
q˙H(t) = −
∂=(t)
∂H(t)
⇒
q˙H(t) = qH(t)d(t) −
∂U(t)
∂H(t)
e−βt − qA(0)
∂Y(t)
∂H(t)
e−δt
= qH(t)d(t) −
∂U(t)
∂H(t)
e−βt − qA(0)ϕH(t)e−δt ⇔
qH(t) = qH(0)e
∫ t
0 d(x)dx −
∫ t
0
[
∂U(s)
∂H(s)
e−βs − qA(0)ϕH(s)e−δs
]
e
∫ t
s d(x)dxds, (32)
∂=(t)
∂Xh(t)
= 0⇒
∂U(t)
∂Ch(t)
= qA(0)
pXh(t)
∂Ch(t)/∂Xh(t)
e(β−δ)t + qH(t)
∂d(t)
∂Ch(t)
H(t)eβt
≡ qA(0) piCh(t)e
(β−δ)t − qH(t)
ϕdCh
(t)
piIm
(t)
eβt, (33)
∂=(t)
∂τCh
(t)
= 0⇒
∂U(t)
∂Ch(t)
= qA(0)
w(t)
∂Ch(t)/∂τCh(t)
e(β−δ)t + qH(t)
∂d(t)
∂Ch(t)
H(t)eβt
≡ qA(0) piCh(t)e
(β−δ)t − qH(t)
ϕdCh
(t)
piIm
(t)
eβt, (34)
∂=(t)
∂Xu(t)
= 0⇒
∂U(t)
∂Cu(t)
= qA(0)
pXu(t)
∂Cu(t)/∂Xu(t)
e(β−δ)t + qH(t)
∂d(t)
∂Cu(t)
H(t)eβt
≡ qA(0) piCu(t)e
(β−δ)t + qH(t)
pidCu
(t)
piIm
(t)
eβt, (35)
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∂=(t)
∂τCu
(t)
= 0⇒
∂U(t)
∂Cu(t)
= qA(0)
w(t)
∂Cu(t)/∂τCu(t)
e(β−δ)t + qH(t)
∂d(t)
∂Cu(t)
H(t)eβt
≡ qA(0) piCu(t)e
(β−δ)t + qH(t)
pidCu
(t)
piIm
(t)
eβt, (36)
∂=(t)
∂mm(t)
= 0⇒
qH(t) = qA(0)
 pm(t)Im(t)1−αα[∂Im(t)/∂mm(t)]
 e−δt
≡ qA(0) piIm(t)e
−δt, (37)
∂=(t)
∂τIm
(t)
= 0⇒
qH(t) = qA(0)
 w(t)Im(t)1−αα[∂Im(t)/∂τIm(t)]
 e−δt
≡ qA(0) piIm(t)e
−δt, (38)
∂=(t)
∂z(t)
= 0⇒
0 = qH(t)
∂d(t)
∂z(t)
H(t) − qA(0)
∂Y(t)
∂z(t)
e−δt
≡ qH(t)
pidz(t)
piIm
(t)
− qA(0)ϕz(t)e−δt, (39)
∂=(t)
∂mp(t)
= 0⇒
0 = qH(t)
∂d(t)
∂Ip(t)
H(t) + qA(0)
pp(t)
∂Ip(t)/∂mp(t)
e−δt
≡ −qH(t)
pidIp
(t)
piIm
(t)
+ qA(0) piIp(t)e
−δt, (40)
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∂=(t)
∂τIp
(t)
= 0⇒
0 = qH(t)
∂d(t)
∂Ip(t)
H(t) + qA(0)
w(t)
∂Ip(t)/∂τIp(t)
e−δt,
≡ −qH(t)
pidIp
(t)
piIm
(t)
+ qA(0) piIp(t)e
−δt, (41)
Equation (33) or (34) combined with (37) or (38) provide the first-order condition for
maximization of (12) with respect to healthy consumption (equation 19). Similarly, equation
(35) or (36) combined with (37) or (38) provide the first-order condition for maximization of (12)
with respect to unhealthy consumption (equation 22). Using (37) or (38) to obtain an expression
for q˙H(t) and substituting the results for qH(t) and q˙H(t) in (32) we find the first-order condition
for maximization of (12) with respect to investment in curative care (equation 15). Combining
equations (37) or (38) and (39) to eliminate qH(t) we find the first-order condition for maximization
of (12) with respect to job-related health stress (equation 25). Lastly, combining equations (37) or
(38) and (40) or (41) to eliminate qH(t) we find the first-order condition for maximization of (12)
with respect to preventive care (equation 28).
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